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Introduction 43
Dietary sodium, which is typically consumed as sodium chloride (NaCl), is an important 45 ingredient, especially in pre-processed food, contributing to flavour and acting as a preserving agent 46 (Mattes & Donnelly, 1991) . The daily recommendation of NaCl intake for an adult is around 6 g per day 47 M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
6 organisms. The DL-starter culture C2 was composed of defined strains of the above-mentioned organisms, 121 where strains have been isolated from a traditional DL-starter culture, grouped and grown separately, 122 before combined into the final starter culture. Detailed description of these two DL-starter cultures can be 123 found in Søndergaard et al. (2015) . The DL-starter culture C3 was produced by isolating selected strains 124 from the DL-starter culture C2. These selected strains had been grown separately before combined into the 125 final DL-starter culture C3. The main difference between the DL-starter C2 and C3 was an increased level 126 of Lc. lactis subsp. lactis in the DL-starter C3 (Chr. Hansen). Two commercially available chymosins 127 (CHY-MAX M® and CHY-MAX plus®) were used (Chr. Hansen). The chymosins differ from each 128 other according to their origin; CHY-MAX plus® contains bovine chymosin (BC), while CHY-MAX 129
M® contains camel chymosin (CC)
. 130 131
Cheese manufacture and sampling 132 133
In total, four cheese experiments were performed to produce the described semi-hard Danish 134 cheese types. Experiment 1 and 2 were performed to test the effect of starter culture, and experiments 3 135 and 4 to test the effect of the chymosin type. An overview of the experiments is shown in Table 1 . 136
Milk for all cheese productions was fresh, pasteurised under high-temperature-short-time 137 conditions (72 °C, 15 s) bovine milk standardised to a fat to protein ratio of 0.5 (1.88% fat and 3.75% 138 protein). 139
In experiment 1, semi-hard Danish cheeses (type Samsoe, 30+) were manufactured at the Arla 140
Foods R&D (Brabrand, Denmark), with brining times of 0, 6, 12, and 24 h in saturated NaCl solution. 141
The manufacture of these cheeses is described in detail in Søndergaard et al. (2015) . Sampling for all 142 brining times was performed at 1, 2, 7 and 12 weeks of ripening with 3 cheese replicates of each 143
treatment. 144
In experiment 2, semi-hard Danish cheeses (type Samsoe, 30+) were produced at Thise Dairy 145 plant (Thise Dairy, Roslev, Denmark), with brining times of 0, 12, and 24 h, respectively. DL-starter 
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7 cultures C1 and C2 were used in both experiment 1 and 2. The manufacture of these cheeses is described 147 in detail in Søndergaard et al. (2015) . Sampling for all brining times was performed at 1, 2, 7 and 12 148 weeks of ripening with 2 cheese replicates of each treatment. 149
In experiment 3, semi-hard Danish cheeses (type Danbo, 30+) were manufactured at Arla Foods 150 R&D (Brabrand, Denmark), with brining times of 6, 12, and 24 h. The procedure was similar to 151 Søndergaard et al. (2015) , with some modifications. Two batches, each of 1000 L milk per day for two 152 days, were used for cheese production. Each day, the milk for one batch was coagulated by use of CHY-153 MAX Plus® at a rate of 0.03% (w/w) (Chr. Hansen, Hørsholm, Denmark), and one batch was coagulated 154 using CHYMAX-M® at a rate of 0.01% (w/w) (Chr. Hansen, Hørsholm, Denmark). These levels of 155 chymosin correspond to equal levels of international milk clotting unit (IMCU) per L milk. The DL-starter 156 culture C3 used in this experiment was added at a rate of 0.008 % (w/w) together with 0.005% (w/w) 157 CaCl 2 . Cheeses were placed in a saturated NaCl solution (23.3%, w/v) with 0.25% (w/v) CaCl 2 at 11.5 °C 158
for 6 h, 12 h and 24 h, respectively. The cheeses were smeared at the surface, cut in half (approximately 159 15 × 30 × 15 cm), vacuum packed and ripened at 13 °C. Sampling for all brining times was performed 160 after 1 and 12 weeks of ripening with 2 cheese replicates of each treatment. 161
In experiment 4, semi-hard Danish cheeses (type Danbo, 30+) were manufactured at Arla Foods 162
Dairy plant (Taulov, Denmark). The procedure was similar to Søndergaard et al. (2015) , with some 163 modifications. Three batches each of 21,350 kg milk were used for production. The milk for one batch 164 was coagulated using CHY-MAX Plus® at a rate of 0.03% (w/w) (Chr. Hansen). Cheeses from this batch 165 were placed in a saturated NaCl solution (23.3%, w/v) with 0.25% (w/v) CaCl 2 at 11.5 °C for 28 h except 166 for the 0 h brining treatment, where this step was omitted. Two batches obtained coagulation using 167
CHYMAX-M® at a rate of 0.02% (w/w) (Chr. Hansen). The levels of chymosin correspond to equal 168 levels of IMCU. Cheeses from these batches were split in two parts which were either placed in a 169 saturated NaCl solution (23.3%, w/v) with 0.25% (w/v) CaCl 2 at 11.5 °C for 28 h or in the saturated NaCl 170 solution for either 10 h or 15 h (see Table 1 for overview). Due to practical issues, another commercialM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 8 of acidification, flavour development, and eye formation. The cheeses were produced in dimensions of 38 173 × 76 × 8.5 cm. The longitudes of the cheeses were smeared, and stored for 4 weeks at ~15 °C and relative 174 humidity of 92-97%, then washed, coated with paraffin and further stored 3 weeks at ~8-9 °C. The 175 cheeses were then cut into pieces of 15 × 9 × 4.25 cm, vacuum packed separately and stored at 3.5 °C 176 until analysis after 12 weeks of ripening with 3 cheese replicates of each treatment. 177 178
2.3.
Texture analysis by uniaxial compression 179
180
Textural properties of the cheeses were analysed by uniaxial compression analysis. Cheeses at the 181 desired ripening time were stored for 24 h at 4°C before analysis. A lubricated cork borer, dipped in oil to 182 minimize friction between cork borer and cheese, was slowly pressed through the cheese vertically to 183 create cylindrical cheese pieces. Care was taken not to disrupt the cheese structure when using the cork 184 borer. Cylindrical cheese samples with height (h) = 15 mm and diameter (d) = 15 mm from various 185 locations (in experiments 1, 2, and 3, a total of 12 locations) in the cheese were used for textural analysis 186 by uniaxial compression, and in experiment 4, as a result of the previous experiments only 2 locations 187 were used for sampling (edge and core). The edge samples were taken at a position 1 cm from the surface 188 of the cheese, while the core samples were taken in the centre of the cheese. The cheese cylinders were 189 analysed immediately after cutting. Compression was performed until fracture of the cheese, or to a 190 maximum distance of 12.5 mm, using a TA HDi Texture Analyzer (Stable Micro Systems, Godalming, 191 UK) with a 100 kg load cell, 1 mN detection range, 75 mm diameter flat stainless steel plate and 192 compression speed of 0.8 mm s 
Determination of NaCl content 214 215
The compressed cylindrical cheese samples from texture analysis were collected afterwards and 216 used for analysis of the NaCl content. This approach was chosen to get a data set from the same position 217 in the cheese to correlate textural properties to NaCl concentration. This was determined using a 218 
Two cheese cylinders from the textural analysis, one from the core and one from the edge, were 231 analysed for salt content for all cheeses. 232 233
2.6.
Microstructure by scanning electron microscopy 234
235
The network structure of cheeses after 12 weeks of ripening was studied by scanning electron 236 microscopy (SEM). The procedure is described in detail in Søndergaard et al. (2015) . A 1 mm 3 cube of 237 cheese was fixed with 2.5% glutaraldehyde in 0.1 M piperazine-N,N'-bis(2-ethanesulfonic acid). The 238 cheese sample was dehydrated by washing in ethanol in a series of stepwise increasing 10% 239 concentrations from 10-100% ethanol each for 15 min. For the 20% ethanol step and onwards, the cheese 240 sample was transferred to a critical point drying (CPD) capsule. The sample was washed in 100% dry 241 ethanol for 2 × 15 min and stored at T = 4 °C for at least 1 h before CPD. The CPD procedure was 242 performed with liquid CO 2 using a Leica CPD300 (Leica Microsystems, Heidelberg, Germany), and the 243 dried samples were stored in a sealed container at room temperature until analysis. Before analysis, the 244 sample was secured at an aluminium SEM stub with Ag paint and fractured in the horizontal plane. The 245 free-break surface was thereby facing upwards, and the surface was covered with a thin layer of Au using 246 an agar high resolution sputter-coater (Agar Scientific, Stansted, UK). The prepared sample was observedM A N U S C R I P T
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at 3 kV with a Zeiss Supra 55VP FEG Scanning Electron Microscope (Carl Zeiss, Oberkochen, 248
Germany), at a working distance of ~5 mm at magnifications ranging from 1000 to 95,000 ×. Several 249 pictures were captured for each cheese sample. Each sample was analysed in duplicates and samples were 250 taken from the core and edge of the cheeses. 251 252
Statistical analysis 253 254
Two-way ANOVA and three-way ANOVA were performed to determine significant differences 255 (P < 0.05) among cheeses at different brining times, ripening time, depending on DL-starter culture and 256 chymosin type. Differences were classified by the Ryan-Einot-Gabriel-Welsch multiple range test (SAS, 257 version 9.3, SAS Institute Inc., Cary, NC). See Table 1 for the different variables and replicates. 258 259
3.
Results and discussion 260 261
Chemical composition during ripening 262 263
Samples of all cheeses were collected during ripening for chemical compositional profiling. Fig. 1  264 shows the chemical composition for the semi-hard Danish cheeses produced in experiment 1, with DL-265 starter culture C1, during ripening. Similar trends were observed for the production of the cheeses in 266 experiment 2, 3 and 4 and are therefore not shown. As expected, a significant increase (P < 0.001) in the 267 total NaCl content was found with increased brining time (Fig. 1A) . During the ripening period, the total 268 NaCl content did not change significantly, which was also as expected. A small amount of Cl -was 269 detected in the non-brined cheeses. This is due to naturally occurring Na + and Cl -ions present in the milk 270 difference in the protein content was observed between brining times after 1, 2, and 7 weeks of ripening. 275
As ripening time increased to 12 weeks, a significant decrease in the protein content for the non-276 brined cheeses was observed (P < 0.05). It is known that the water activity is higher and bacterial activity 277 is increased, when the NaCl content is lowered, which might increase proteolysis (Guinee, 2004) . It 278 correlates with our previous results (Søndergaard et al., 2015) , where the microbial activity in cheeses 279 from experiments 1 and 2 were analysed. The cheese made using DL-starter culture C1 was found to have 280 significantly higher number of colony forming units (cfu) per gram in the non-brined cheeses after 1 and 281 2 weeks of ripening (58 and 71%, respectively) compared with the cheeses treated 24 h in brine (21 and 282 22%, respectively), hence the proteolytic activity could likely be higher as the NaCl content decreased. 283
Proteolysis in non-brined cheeses is primarily due to primary proteolysis as NaCl-reduction 284 accelerates the degradation of casein due to higher chymosin activity (Møller et al., 2012) . With respect to 285 non-starter lactic acid bacteria (NS-LAB), these were investigated and described in detail for cheeses 286 produced in experiment 1 (Søndergaard et al., 2015) . Here, the results for cheeses produced with C1 and 287 C2 showed no significant influence of the NaCl concentration on the NS-LAB counts during the ripening 288 period. However, the normal-salted cheeses had slightly lower NS-LAB counts after 2 weeks of ripening 289 in cheeses produced with C1. Based on this we do not expect that the NS-LAB population will have a 290 major impact on secondary proteolysis in this study. 291
The soluble peptides and free amino acids can to some extent be released from the protein matrix 292 in the cheese and diffuse into the soluble fraction of the cheese, which may reduce the protein content in 293 the cheese (Fox et al., 2000) ; however, as the protein content here was based on nitrogen analysis the 294 peptides and amino acids still counted in the protein content (ISO8968-1 & IDF020-1, 2014). A more 295 likely explanation could be the higher moisture content of non-brined cheeses (Fig. 1C) , where the 296 decrease in dry matter content with ripening time was more apparent for the non-brined cheeses (P < 297
The content of dry matter, Fig. 1C , was found to increase as the brining time increased, which 299 was expected (P < 0.001). This is caused by NaCl migrating from the rind into the cheeses during 300 ripening and water was expelled from the cheese (Guinee, 2004) . 301 Cheeses with 24 h of brining time had generally lower pH during ripening (Fig. 1D) , which seems to be 308 related to increased syneresis (Nielsen, 2006) . Furthermore, a difference between starter cultures is 309 reported, as for C1 the pH was lower with increased salt content, whereas for C2 the pH did not vary 310 significantly as function of salt content (Søndergaard et al., 2015) . This also contributes to the explanation 311 of the interlinked effect between the specific DL-starter culture and its activity, the protein content and the 312 resulting pH, as the accumulation of organic acids inhibits the growth of microorganisms, i.e., inevitably 313 
NaCl distribution in the cheese 319 320
The Cl -content in the cheeses was measured at various positions from the edge to the core of the 321 cheeses as representative of the NaCl distribution in the cheeses during ripening. Fig. 2 shows the NaCl 322 content in the cheese samples from the edge and core as a function of brining time for ripening times of 2, 323
. At 2 weeks of ripening, ( Fig. 2A ) a significant (P < 0.01) difference in the NaCl content between 325 edge and core of brine treated cheese samples was observed, with samples from the edge having the 326 highest content of up to 3% (w/w) NaCl with a gradient to the core of ~1.5% (w/w) for the 24 h brined 327 cheese . At 7 weeks of ripening (Fig. 2B ) a significant (P < 0.05) increase in NaCl concentration was 328 found in the core, while the NaCl content in the edge decreased (NS), compared with 2 weeks of ripening. 329
For brining at both 12 h and 24 h, the difference in NaCl content between edge and core was still 330 significant (P < 0.05) after 7 weeks of ripening. After 12 weeks (Fig. 2C) , NaCl was equally distributed 331 between edge and core of the cheeses with 12 h brining, but not for the 24 h brined cheeses. This 332 diffusion of NaCl from edge to core of the cheese is driven by the concentration gradient (Geurts, Table 2 as a function of brining time after 12 weeks of ripening. The 343 NaCl contents in the cheeses were analysed as an average of the entire cheese in contrast to the positional 344 analysis, shown in Fig. 2 . The DL-starter cultures did not affect the NaCl content of the cheeses 345 significantly. Other factors may contribute to the final NaCl contents such as dairy factory, milk batch, 346 pressing of the cheese, pore size and structure, brine saturation, etc. Furthermore, the cheeses produced 347 with C3 had a tendency towards higher dry matter content, while no other differences in the chemical 348 composition were observed (data not shown).
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The most efficient brining was achieved during the first 6 h (experiments conducted with DL-350 starter cultures C1 and C2) with a rate of 0.138±0.006% NaCl h -1 , while thereafter it decreased to 351 0.053±0.003% NaCl h -1 from 6-12 h and finally during the last 12 h of brining the rate was lowered to 352 0.036±0.002% NaCl h -1 for all starter cultures. This suggests that the brining process and NaCl uptake for 353 these semi-hard Danish cheeses occurred in a very consistent way, regardless of the above-mentioned 354 differences between the dairies, milk batches and DL-starter cultures. various NaCl content during ripening. The firmness is correlated to the proteolysis, i.e., increased 364 proteolysis during ripening results in decreased firmness of the cheeses (Fox, 1989; McSweeney, 2004) . 365
The cheese network of caseins is weakened by the proteolytic degradation into peptides, and as a result, 366 the texture becomes softer over time. 367
The decrease in firmness was most pronounced for C2 with a brining time of 24 h while cheeses 368 subjected to 0 h and 12 h of brining showed similar decreases in firmness. For both DL-starter cultures, 369 the relative loss in cheese firmness during 12 weeks of ripening was highest for the non-brined cheeses 370 with 68-72% loss relative to week 1. During the same period, the 24 h brined cheeses had a textural loss 371 of 36-49%. It is noteworthy, that this was mainly caused by differences in the initial cheese firmness, as 372 the actual decrease in stress was 19.4 ± 0.5 kPa (all cheeses produced with C1) and 27.0 ± 3.3 kPa (all 373 cheeses produced with C2) during ripening regardless of brining time. This suggests a very similar 374 development in cheese structure and therefore firmness during ripening.
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Overall, the use of DL-starter culture C2 generally resulted in significantly (P < 0.05) firmer 376 cheeses compared with C1, regardless of brining time. From the standard deviation bars of Fig. 3, it is  377 clear that large variations between samples were observed, especially in week 1 of the ripening period, 378 while the variation between samples decreased as ripening time increased. This is due to that the mean 379 value was generated from samples from both edge and core. As shown in Fig. 2 there were large 380 variations in NaCl content among samples from edge and core of the cheese, until final ripening stage was 381 reached, which resulted in variations in firmness. 382
The compressibility is given as Hencky strain as function of brining time, ripening and starter 383 culture (Fig. 3B) . For the present semi-hard Danish cheeses, a high Hencky strain value indicated a highly 384 compressible or elastic cheese, while a low Hencky strain correlated with a cheese that fractured at low 385 compression distance and was observed as more brittle. This is consistent with previous findings for 386
Gouda cheese (Luyten, 1988) . Throughout the ripening time, small variations for all salted cheeses 387 occurred, but these were not significant. The non-brined cheeses increased in compressibility for ripening 388 times of 2-7 weeks (P < 0.01). For these cheeses, there was often not detected a fracture point of the 389 cheese cylinder during the textural compression analysis. The samples were very elastic and could be 390 compressed >83% without breaking during the analysis. These non-brined cheeses were also more prone 391 to temperature, which made them lose their cylindrical structure very quickly, while all salted cheeses 392 retained their shape at room temperature. 393
Generally, it is found that the compressibility decreases during ripening for cheeses like Cheddar 394 and Gouda (Luyten, 1988; Zoon, 1993) 
. Furthermore, Watkinson et al. (2001) observed an increase in 395
Hencky strain during ripening of Gouda cheeses. In this study, the compressibility appeared unaffected by 396 the changes occurring in the cheese during ripening of salted cheeses. 397
In comparison, the stress at fracture and Hencky strain values of 7 week ripened Danbo (30+) 398 cheeses is reported to be 92 kPa and 1.10 (-), respectively, by Madsen and Ardö (2001) , which is 399 somewhat higher in stress at fracture than observed in the present study, where 7 week ripened cheeses 400 had values of ~45 kPa (Fig. 3) . Their compressibility levels are, however, comparable with levelsM A N U S C R I P T
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presented in Fig. 3B . The cheese firmness may be affected by a range of processing parameters, although 402 the dry matter content was ~47% in both studies. This is illustrated for the textural analysis in experiment 403 3, which resulted in much firmer reference cheeses (24 h brining, culture C3, bovine chymosin) after 12 404 weeks ripening with fracture stress values of 100 kPa and Hencky strain of 1.09 (-) (data not shown). in the cheese matrix can be observed. Fig. 4B and Fig. 4D show cheeses with 24h brining time. These had 415 a more clearly structured protein matrix with many and smaller voids than in Fig. 4A and Fig. 4C, which  416 are micrographs of non-brined cheeses. The protein matrix of the non-brined cheeses appeared less 417 defined, which was seen by fewer and slightly larger voids. Comparing DL-starter culture C1 and C2, 418 there was a tendency towards a more defined protein matrix when using C1. However, this was not 419 confirmed with certainty by the SEM analysis. These microstructural observations support the chemical 420 and textural results as the less defined protein matrix structure visualized by the SEM would be expected 421 to result in softer and more compressible cheese texture as observed. 422 423
Textural change as an effect of NaCl 424
Cheese samples used for textural analysis were also analysed for NaCl content to explore the 426 correlation between NaCl content and textural properties. Fig. 5 shows the correlation between texturalM A N U S C R I P T
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properties and NaCl content for cheeses from experiment 2, for both DL-starter cultures C1 and C2, 428 during ripening of cheese samples from both edge and core. For the non-brined cheeses, there was not 429 always a detectable fracture point of the cheese cylinders, when performing the texture analysis. These 430 samples were so elastic that they could be compressed without breaking, and they were therefore not 431 included in Fig. 5 . 432
The firmness, given as axial stress, as a function of NaCl content is shown in Fig. 5A-C (Fig. 5A ), large variations in texture were found between samples. 436
During further ripening, (Fig. 5B,C) , these variations became less pronounced and after 12 weeks of 437 ripening there was a linear correlation with a regression coefficient of R 2 = 0.75. These observations 438 could be related to the results shown in Fig. 2 , which showed large differences in NaCl between edge and 439 core in early ripening, while this became less pronounced during ripening. 440
The compressibility of the cheese, given as Hencky strain, (Fig. 5D-F) decreased linearly as the 441 NaCl content increased. The fracture point of the cheese sample thereby occurred at a shorter distance in 442 the textural compression analysis, which means that the samples became less elastic and more brittle. 443
As for the firmness, the compressibility showed large variations among samples after 2 weeks of ripening 444 and this became less during ripening. The correlation coefficients were generally low with R 2 -values 445 between 0.12-0.47, and the fit was poorest for the 2 weeks ripened cheeses. Especially for low salt 446 content cheeses, the variations in Hencky strain at 7 and 12 weeks of ripening were very high. In 447 perspective, a cheese with 0.5-1% (w/w) NaCl could have been useful to include to complete the picture. 448
The higher number of samples depicted in Fig. 5 revealed novel information on the texture in 449 cheese core and cheese edge when salt migrated during ripening. At the very beginning of ripening (Fig.  450   5A,D) , the core and edge of brined cheese were clustered based on the textural properties, while increased 451 ripening time resulted in more textural uniformity between the edge and core samples (Fig. 5C,F) .
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The relationship between firmness and compressibility and NaCl content for cheeses produced 453 with DL-starter cultures C1, C2 and C3 and ripened for 12 weeks are shown in Table 2 . Experiment 3 454 cheeses with DL-starter culture C3 were produced at same dairy plant but at a different time, compared 455 with cheeses produced with the C1 and C2 DL-starter cultures from experiment 1. 456
Comparing the DL-starter cultures, all cultures had similar tendencies to increase firmness with 457 increased NaCl content (Table 2) . However, the DL-starter culture C3 in experiment 3 produced much 458 firmer cheeses at comparable brining hours than C1 and C2 in experiment 1, which resulted in 2-fold 459 higher axial stress values for C3 compared with C1, regardless of NaCl content. The usage of starter 460 culture C3 showed higher variations in firmness, which was found relating to variations between 461
replicates. The variations were relatively lower for the DL-starter cultures C1 and C2. However, as 462 explained earlier it is noted that the experimental set-up did vary for the cheeses produced with C1 and C2 463 as compared with the cheeses produced with C3. 464
The compressibility, given as Hencky strain, for cheeses produced with C2 tended to be lower 465 than cheeses produced with C3, while cheeses produced with C1 had the highest compressibility, i.e., they 466 were more elastic. 467 C1 resulted in cheeses with lower firmness and higher compressibility compared with C2 and C3 468 at similar brining times resulting in NaCl concentrations within a range of 0.11% at 6 h, 0.13% at 12 h, 469 and 0.20% at 24 h brining time (Table 2 ). This indicates that the more defined DL-starter cultures, 470
represented by C2 and especially C3, might result in firmer and more brittle cheeses. C3 resulted in the 471 most firm cheeses, but these cheeses had also larger compressibility compared with the cheeses produced 472 with C2. This indicates that the casein network of cheeses produced with C2 was more compact and 473 therefore broke more easily. 474
Scientific studies on the relationship between NaCl content and cheese texture for brined semi-475 hard Danish cheeses are not available. However, for Cheddar cheese made from buffalo milk a reduction 476 of NaCl content from 2.5% to 0.5% (w/w) resulted in lower hardness and crumbliness of the cheese 477 textual properties (Murtaza et al., 2014) . In another study, NaCl in Cheddar cheese was reduced from as the choice of DL-starter culture varied between the cheese productions, the experiments cannot be 493 compared directly. Table 3 shows the chemical composition and textural properties of the cheeses made 494 with either chymosin type CC or BC for both experiments 3 and 4 after 12 weeks of ripening. Again, a 495 significant increase in NaCl content was observed as the brining time increased (P < 0.05), but no 496 differences were found when comparing the chymosin types at equal brining times. The NaCl uptake in 497 the cheeses was thus apparently not affected by the chymosin type. The dry matter content increased as 498 brining time increased, but no significant differences between BC and CC cheeses were observed. The 499 firmness of the cheeses with 6 h of brining for CC cheeses produced significantly (P < 0.05) firmer 500 cheeses compared with BC cheeses at equal brining times (Table 3) . This is in agreement with Elagamy 501 (2000), who observed that CC activity was less affected by low NaCl concentrations, while at high NaCl 502 concentration both chymosin types were more equally affected. At brining times of < 12 h , there was a 503 significant textural effect of CC resulting in firmer cheeses than BC (experiment 3, Table 3 ), whereas atM A N U S C R I P T
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brining times longer than 10 h, a tendency towards firmer cheeses with CC compared with BC was 505 observed; however, this effect was not significant. In experiment 4, the CC renneted cheese brined for 15 506 h had an axial stress level comparable with the BC renneted cheese brined for 28 h (Table 3) The compressibility decreased as the NaCl content increased. For experiment 3, no significant 514 differences in compressibility were found between chymosin types. In experiment 4, a significantly lower 515 (P < 0.001) compressibility was observed for CC compared with BC at comparable brining times of 28 h. 516
Furthermore, for practical reasons, it was decided to not include a control treatment (0 h brining) in 517 experiment 3, and only for the BC treatment in experiment 4. Basic knowledge on non-brined cheeses 518 textural properties was obtained in experiments 1 and 2, and since the perspective for the Danish dairies is 519 to reduce salt in cheese rather than avoiding salt in cheese, it was prioritised to include more treatments 520 with reduced salt rather than with no salt in experiments 3 and 4. 521 SEM micrographs of cheeses from experiment 4 with 28 h of brining and ripened for 12 weeks 522 are shown in Fig. 6 . The structure of CC cheese (Fig. 6B ) appears finer stranded and more compact than 523 the BC cheese ( the NaCl content increased. The three different DL-starter cultures influenced the textural properties of the 538 cheeses. The most defined DL-starter culture, i.e., C3, produced significantly firmer cheeses while 539 retaining a relative compressible cheese structure. The firmness was higher for cheeses made using camel 540 chymosin at low NaCl content than for cheeses renneted with bovine chymosin. The compressibility of 541 the cheeses was not significantly affected by chymosin type. However, the DL-starter culture may interact 542 with the chymosin type in relation to cheese textural compressibility. 543
It therefore seems possible to reduce the NaCl content in semi-hard cheeses without 544 compromising the textural properties by use of well-defined DL-starter cultures and camel chymosin. The 545 cheese experiments performed at industrial scale provided novel insight into controlling cheese texture by 546 brining under conditions that are readily applicable by the dairy industry. As the NaCl content also has an 547 effect on the activity of the DL-starter cultures and the flavour formation, it is of importance to obtain 548 knowledge on these parameters. 
